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(57 ABSTRACT 
In the deposition of a hydrogen-containing semiconduc 
tor film on a metal substrate, the electric contact char 
acteristic between the metal substrate and the semicon 
ductor film is improved by preparatorily exposing to 
hydrogen plasma the surface of the metal substrate on 
which the semiconductor film is to be deposited. 

5 Claims, 7 Drawing Figures 
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METHOD FOR TREATMENT OF METAL 
SUBSTRATE FOR GROWTH OF 

HYDROGEN-CONTAINING SEMICONDUCTOR 
FILM 

BACKGROUND OF THE INVENTION 

This invention relates to a method for the treatment 
of a metal substrate for the growth of a hydrogen-con 
taining semiconductor film. 
Amorphous silicon possesses a great ability to absorb 

light and a consequent outstanding photoconductive 
property. Owing to these excellent properties, amor 
phous silicon is expected to find utility in applications to 
solar batteries, photoelectric conversion elements, etc. 
Among the methods heretofore proposed for the manu 
facture of amorphous silicon, there are included a glow 
discharge method which comprises exposing a molecu 
lar gas such as silane (SiH4) with a reduced pressure to 
glow discharge inside a reactor thereby decomposing 
the silane and causing the produced silicon to be depos 
ited on a metal substrate placed inside the reactor and a 
reactive sputtering method which comprises sputtering 
solid silicone out in an atmosphere containing hydrogen 
and causing the sputtered silicon to be deposited on a 
metal substrate. In preparation for the growth of a hy 
drogen-containing silicon composite on a metal sub 
strate as described above, the surface of the metal sub 
strate is cleansed with an organic solvent or subjected 
to a chemical etching treatment using an aqueous solu 
tion. The electric contact property between the formed 
silicon film and the metal substrate, however, cannot be 
obtained with high repeatability. This lack of repeat 
ability of the electric contact property has posed itself a 
problem in the fabrication of devices using amorphous 
silicon. For example, it has been difficult to afford re 
quired control of the properties of barrier height and 
barrier width between the film of amorphous silicon 
and the metal substrate and it has been infeasible to 
establish an ohmic contact between the semiconductor 
and the metal substrate with high uniformity or high 
repeatability when the semiconductor containing p-type 
or n-type impurities excessively. 

Recently, there has been proposed a method in 
which, in the same vacuum system, a metal substrate is 
formed and, subsequently, a film of amorphous silicon is 
continuously deposited on the metal substrate. This 
method entails a technically complicated procedure and 
fails to provide the contact property with high repeat 
ability. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide a method for 
the pretreatment of a metal substrate, which provides an 
excellent electric contact property of high repeatability 
between a metal substrate and a semiconductor film to 
be formed on the metal substrate. 
To accomplish the object described above according 

to this invention, there is provided a method which 
comprises preparatorily exposing to hydrogen plasma 
the portion of a metal substrate destined to be covered 
with a deposit of a hydrogen-containing semiconductor 
film and thereafter allowing the semiconductor film to 
be deposited on the pretreated surface of the metal 
substrate. By simply exposing the prescribed surface of 
the metal substrate to the hydrogen plasma, the electric 
contact property between the semiconductor film and 
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2 
the metal substrate is improved and this property is 
obtained with high repeatability. 
The other objects and features of this invention will 

become apparent to those skilled in the art from the 
further disclosure to be made herein, as illustrated in the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is an explanatory view illustrating one em 
bodiment of the device for working the present inven 
tion. 

FIG. 2 is a graph showing the relation of the magni 
tude of resistance between an amorphous silicon film 
and a metal substrate to the duration of the plasma 
treatment performed on the substrate. 
FIG. 3 is a graph illustrating the relation of the mag 

nitude of resistance between a boron-containing amor 
phous silicon film and a stainless steel substrate to the 
magnitude of electric power for the formation of hydro 
gen plasma. 
FIG. 4 is a graph illustrating the relation of the mag 

nitude of resistance between a phosphorus-containing 
amorphous silicon film and a stainless steel substrate to 
the magnitude of electric power for the formation of 
hydrogen plasma. 

FIG. 5 is a graph illustrating the relation of the mag 
nitude of resistance between a boron-containing amor 
phous silicon film and a glass substrate having a Cr film 
vacuum deposited thereon to the magnitude of electric 
power for the formation of hydrogen plasma. 
FIG. 6 is a graph illustrating the relation of the mag 

nitude of resistance between a phosphorus-containing 
amorphous film and a glass substrate having a Cr film 
vacuum deposited thereon to the magnitude of electric 
power for the formation of hydrogen plasma. 
FIG. 7 is a graph illustrating typical output character 

istic obtained of a solar battery formed by using a sub 
strate treated by the method of the present invention. 
DESCRIPTION OF PREFERRED EMBODIMENT 

In solar batteries which are formed by depositing an 
amorphous silicon film on metal substrates, the photoe 
lectric conversion efficiency varies in the range of 3% 
to 5%. The reason for this dispersion of the coefficiency 
is that the electric contact characteristics between the 
amorphous silicon film and the metal substrates are not 
always acquired with high repeatability. The inventors 
continued diligent study and experiments in search for a 
method capable of producing electric contact charac 
teristics with high repeatability between the amorphous 
film and the metal substrates. They have consequently 
found that when the surface of a metal substrate on 
which a hydrogen-containing semiconductor film like 
an amorphous silicon film is desired to be grown is 
treated with hydrogen plasma before the semiconduc 
tor film is deposited thereon, the electric contact char 
acteristic between the substrate and the deposited film is 
improved enough to preclude otherwise possible disper 
sion. This invention has been perfected on the basis of 
this discovery. 

This invention is applicable to a semiconductor film 
of any type on condition that the film contains hydro 
gen. Examples of the semiconductor films to which this 
invention is applicable are semiconductor of single crys 
tal, microcrystalline semiconductor, polycrystalline 
semiconductor, and amorphous semiconductor. Partic 
ularly, this invention is advantageously applied to the 
formation of amorphous films such as amorphous sili 
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con film, amorphous germanium film, and amorphous 
silicon carbide film. These films may incorporate fluo 
rine, nitrogen, or some other atom besides hydrogen. 
As the substrate on which the aforementioned semi 

conductor film is to be deposited, any of the known 
substrates such as substrates of stainless steel and other 
metals and substrates formed by vacuum depositing 
nickel, chromium, and other metals on glass bases can 
be used in their unaltered form. 
Such a metal substrate is cleansed by an ordinary 

method and then set in position in an apparatus for the 
growth of a semiconductor film. Then, the surface of 
this substrate on which the semiconductor film is de 
sired to be deposited is exposed to hydrogen plasma 
which is generated by delivering to the electrodes of the 
apparatus electric power for glow discharge. After this 
exposure, the semiconductor film is deposited on the 
treated surface of the metal substrate. 
The working of this invention by use of an amor 

phous silicon production system of the capacitive cou 
pling glow discharge method illustrated in FIG. 1 will 
be described below by way of illustration. Referring to 
FIG. 1, a pair of disc-like glow discharge electrodes 2, 
3 are vertically opposed to each other across a fixed 
distance inside a vacuum chamber 1 and are connected 
to a power supply 6. The electrode 2 has a cavity 
therein. This cavity communicates with a gas feed pipe 
5 which terminates on the other end thereof in a gas 
source (not shown) installed outside the vacuum cham 
ber 1. The electrode 2 is provided in the lower side 
thereof with a multiplicity of spouts for projecting the 
gas brought in through the pipe 5. The upper side of the 
electrode 3 is used for holding a metal substrate 4 for the 
deposition of a semiconductor film. The electrode 3 
contains a built-in heater which serves to heat the sub 
strate 4 to a prescribed temperature. 

In the system constructed as described above, a given 
metal substrate which has been given a stated cleansing 
treatment is mounted in position on the electrode 3. The 
vacuum chamber 1 is vacuumized to the order of 0.1 to 
2 torrs and then filled with hydrogen introduced via the 
pipe 5 to form an atmosphere of hydrogen therein. 
Then, the substrate 4 is heated by the built-in heater of 
the electrode 3 to a temperature ranging from room 
temperature up to 500 C. To the electrodes 2, 3, a 
high-frequency electric power is applied from the 
power supply 6 to generate hydrogen plasma between 
the opposed electrodes. Consequently, the open surface 
of the substrate 4 is exposed to the hydrogen plasma 
thus generated. The electric power to be applied be 
tween the two electrodes 2, 3 may be a direct current, a 
low-frequency current, or a high-frequency current. 
The effect of this invention is obtained without refer 
ence to frequency of the electric power to be used. 
Optionally, the treatment of the substrate may be ef. 
fected by using hydrogen plasma which has been ex 
cited with a microwave in a separate chamber. In other 
words, the treatment can be carried out as aimed at by 
this invention insofar as means capable of generating 
hydrogen plasma is provided inside the vacuum cham 
ber. 

After the treatment of the substrate with the hydro 
gen plasma described above is completed, the raw mate 
rial for a semiconductor in a gaseous form is supplied to 
the substrate via the gas feed pipe 5 and glow discharge 
is generated to effect required deposition of a semicon 
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4. 
ample, monosilane (SiH4) alone or a mixed gas of mono 
silane with a required amount of such an additive gas as 
argon, nitrogen, or ammonia gas is introduced via the 
gas feed pipe 5 into the vacuum chamber 1, the substrate 
4 is heated to 150 to 400° C., and an electric power, 5 
to 100 W, for glow discharge is supplied to the elec 
trodes 2, 3. Consequently, an amorphous silicon film is 
formed on the substrate. Formation of a film of micro 
crystalline silicon on the substrate is accomplished by 
introducing into the vacuum chamber 1 a mixed gas 
consisting of monosilane and hydrogen in a mixing ratio 
of 1:100 (min.) and applying to the electrodes an RF 
power of at least 50 W. Formation of a film of amor 
phous silicon-germanium mixed phase on the substrate 
is accomplished by introducing into the vacuum a 
mixed gas of monosilane and germane (Geh). Forma 
tion of a film of amorphous silicon carbide is accom 
plished by supplying a mixed gas of monosilane and 
methane (CH4) to the vacuum chamber. The formation 
of such a semiconductor film as described above on the 
substrate can be carried out by adopting any of the 
conventional methods without any modification. 
The duration of the treatment of the substrate with 

hydrogen plasma is a matter to be decided in due con 
sideration of the construction of the system, the electric 
power supplied, the conditions of the treatment, the 
kind of the substrate, etc. In a typical experiment by use 
of a system of the construction of FIG. 1, a substrate of 
stainless steel had its surface treated with hydrogen 
plasma generated by application of an electric power of 
50 W to the electrodes and then an amorphous silicon 
film 5000A in thickness was formed on the substrate by 
supplying a monosilane gas containing 1 vol% of phos 
phine into the vacuum chamber and applying an electric 
power of 20 W to the electrodes. An electrode was 
attached to the silicon film and the resistance between 
the electrode and the substrate was measured. The rela 
tion of the magnitude of the resistance between the 
electrode and the substrate to the duration of the treat 
ment of the substrate with hydrogen plasma was investi 
gated. The results were as shown in FIG. 2. From the 
graph of FIG. 2, it is noted that the effect of the treat 
ment with hydrogen plasma began to appear conspicu 
ously after 5 minutes of the treatment and no addition to 
this effect was observed after 15 minutes of the treat 
ment. In due consideration of the test results indicated 
above, the duration of the treatment with the hydrogen 
plasma generally is thought to be proper in the range of 
about 5 to 20 minutes. 

It is inferred that when the surface of the metal sub 
strate on which the hydrogen-containing semiconduc 
tor film is to be formed is treated in advance with hy 
drogen plasma, the oxide film formed from the begin 
ning on the surface of the substrate is removed and 
reduced and part of the hydrogen of the hydrogen 
plasma is adsorbed on the surface of the substrate. It is 
further inferred that when the hydrogen-containing 
semiconductor film is formed on the surface of the sub 
strate which is rich in hydrogen, the deficiency of hy 
drogen in the region of the film close to the interface 

65 

ductor film on the surface of the substrate. When an 
amorphous silicon film is desired to be formed, for ex 

between the film and the substrate is eliminated and the 
possible transference of hydrogen ceases to exist. It is, 
therefore, concluded that the electric contact character 
istic between the metal substrate and the semiconductor 
film is improved, that the electric contact characteristic 
of high level is obtained with high repeatability, and 
that the electric properties in the region of the produced 



4,436,761 
5 

semiconductor film close to 
improved. 
The working of this invention described so far has 

involved use of a semiconductor film production system 
of the capacitive coupling glow discharge method. To 
those skilled in the art, it ought to be self-evident that 
the present invention can be worked similarly effec 
tively with a semiconductor film production system of 
the inductively coupledglow discharge method or with 
a semiconductor film production system of the sputter 
ing method which are both known to the art. 
As described above, the present invention provides 

desired control of the electric contact characteristic 
between the metal substrate and the hydrogen-contain 
ing semiconductor film, provides improvements in the 
characteristics of the devices formed by using the afore 
mentioned semiconductor film, and materializes such 
improved characteristics with high repeatability. This 
invention, therefore, will contribute greatly to the tech 
niques for the production of semiconductor devices. 
Now, the present invention will be described specifi 

cally below with reference to working examples. It 
should be noted that the examples are not limitative of 
this invention in any sense. 

EXAMPLE 1. 

In a semiconductor film production system of the 
construction of FIG. 1 wherein the pair of disc-like 
electrodes has a diameter of 200 mm and they were 
separated from each other by a distance of 35 mm in a 
chamber. A substrate made of stainless steel (SUS 304) 
cleansed with an organic solvent (methanol and ace 
tone) and rinsed with deionized water was set in posi 
tion on the lower electrode. The chamber was vacuum 
ized to 0.03 torr and then filled with hydrogen up to 1 
torr. In the vacuum chamber, the substrate was heated 
to about 180° C. and varying electric power, 0 to 100W, 
for the generation of plasma was applied to the elec 
trodes to treat the surface of the substrate for 20 min 
utes. After this treatment, a monosilane (SiH4) gas con 
taining 2 vol% of diborane (B2H6) was supplied at a 
flow rate of 20 cc/min. to the vacuum chamber for 30 
minutes, with the substrate kept at 180° C. and the elec 
trodes supplied with an electric power of 20 W. Conse 
quently, an amorphous silicon film 4000 A in thickness 
containing boron as a p-type impurity was formed on 
the substrate. Then, an electrode 1 mm in diameter was 
deposited on the upper side of the amorphous silicon 
film to measure resistance between this electrode and 
the substrate. The results were as shown in the graph of 
FIG. 3. In the case of the semiconductor film formed on 
the substrate to which the treatment with hydrogen 
plasma had not been given, the value of resistance be 
tween the film and the substrate was much greater than 
1 kg). In the case of the semiconductor film formed on 
the substrate which had undergone the treatment with 
hydrogen plasma at an electric power of 5W, the value 
of resistance was about 1252. This value of resistance 
was hardly increased when the electric power for the 
generation of hydrogen plasma was increased beyond 
this level of 5 W. By repeating the procedure described 
above, except that a monosilane gas containing 1 vol% 
of phosphine (PH3) was supplied to the vacuum cham 
ber instead of the monosilane gas containing diborane, 
there was formed an amorphous silicon film 3000A in 
thickness and containing phosphorus as an n-type impu 
rity on the substrate of stainless steel. Similarly, the 
resistance between the film and the substrate was mea 

the substrate are similarly 
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6 
sured. The results were as shown in the graph of FIG. 
4. It is noted from the graph that the value of resistance 
began to fall when the electric power used for the treat 
ment of the substrate with hydrogen plasma increased 
beyond 20 W. In the case of the film formed on the 
substrate which had been treated with hydrogen plasma 
with an electric power of about 40 W, the value of 
resistance between the substrate and the film was as low 
as about 1800. Substantially no further increase of the 
value of resistance could be obtained when the electric 
power for the treatment of hydrogen plasma was in 
creased beyond the level of 40 W. 
The amorphous silicon films obtained as described 

above were tested for resistivity. When an electrode 1 
mm in diameter was attached to the semiconductor film, 
the resistance between the electrode and the substrate 
without the hydrogen plasma treatment was not ohmic 
and evidently suggestive of the presence of a large bar 
rier width, although theoretically the junction ought to 
constitute an ohmic contact involving about 10/cm2 of 
resistance. In the case of the amorphous film containing 
a p-type impurity, the ohmic property was satisfactory 
and the value of resistance was substantially equal to 
that of low saturated resistance when the substrate had 
undergone the hydrogen plasma treatment at an electric 
power of 5 W. 

EXAMPLE 2 

The procedure of Example 1 was repeated, except 
that a substrate formed by vacuum depositing a chro 
mium film on a glass plate was used in the place of the 
substrate of stainless steel. The substrate was treated 
with hydrogen plasma by using varying electric power 
as mentioned in Example 1. Consequently, there were 
obtained amorphous silicon films containing boron and 
amorphous silicon films containing phosphorus. The 
resistance between the chromium-deposited glass sub 
strate and the amorphous silicon film was measured. 
The results of the former were as shown in FIG. 5 and 
those of the latter in FIG. 6. In the case of the amor 
phous silicon films containing boron, the value of resis 
tance conspicuously fell when the substrates were 
treated with hydrogen plasma generated at electric 
powers exceeding 20 W. The resistance reached a low 
saturated value of about 1250 when the electric power 
was 50 W. In the case of the amorphous silicon films 
containing phosphorus, the resistance reached a low 
saturated value of 3100 when the electric power used 
for the hydrogen plasma treatment was 10 W. As de 
scribed above, although the value of contact resistance 
varied with the material or the film and that of the 
substrate, it was very little dispersed when the material 
of the film and that of the substrate were fixed. 

EXAMPLE 3 

A substrate of stainless steel (SUS 304) was mounted 
in position on the lower electrode in the semiconductor 
film production system of Example 1. The vacuum 
chamber was evacuated to 0.03 torr and then filled with 
hydrogen up to 1 torr. The substrate was heated to 200 
C. and an electric power of 50 W was applied to the 
electrodes to generate hydrogen plasma and treat the 
substrate with the hydrogen plasma for 20 minutes. 
Then, a monosilane (SiH4) gas containing 2 vol% of 
diborane (B2H6) was supplied to the vacuum chamber 
to deposit an amorphous silicon film of p-type 300 A in 
thickness on the substrate. Then, the low pressure 
plasma deposition was continued by switching the raw 
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gas to a pure monosilane gas, to form an undoped amor 
phous silicon film 5000 A in thickness on top of the 
aforementioned p-type silicon film. Subsequently, the 
low pressure plasma deposition was again continued by 
switching the raw gas to a monosilane gas containing 1 
vol% of phosphine (PH3), to forman n-type amorphous 
silicon film 100 A on top of the aforementioned un 
doped amorphous silicon film. 
The laminated amorphous silicon film formed as de 

scribed above was used as a solar battery. It was irradi 
ated with a simulated solar ray of 70 mW/cm2, with the 
resultant photo voltage (VOC) and the photoelectric 
current (ISC) measured. The results were as shown in 
the graph of FIG. 7. For the purpose of comparison, a 
laminated amorphous silicon film was formed under the 
same conditions as described above on a substrate of 
stainless steel which had not undergone the treatment 
with hydrogen plasma. This film was similarly irradi 
ated with the simulated solar ray, with the photo volt 
age and the photoelectric current measured. 

In the graph of FIG. 7, the curve "a" represents the 
values obtained of the solar battery formed of the lami 
nated amorphous film according to the present inven 
tion and the curve 'b' those obtained of the solar bat 
tery formed of the laminated amorphous film on the 
substrate which had not undergone the hydrogen 
plasma treatment. Comparison of the two curves clearly 
shows that the open circuit photo voltage and the short 
circuit photo voltage of the solar battery of this inven 
tion far exceeded those of the solar battery not con 
forming to the present invention. The solar battery 
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8 
according to this invention showed a fill factor of about 
0.56, whereas the solar battery not conforming to this 
invention showed a fill factor of about 0.22. This differ 
ence implies the remarkable effect of the hydrogen 
plasma treatment performed on the substrate. 
What is claimed is: 
1. A method for the treatment of a cleaned metal 

substrate for the growth of a hydrogen-containing semi 
conductor film on said metal substrate which comprises 
exposing the surface of said cleaned metal substrate on 
which said semiconductor film is to be deposited to 
plasma consisting essentially of hydrogen in advance of 
the deposition thereon of said semiconductor film to 
cause hydrogen to be adsorbed on the surface of the 
substrate, thereby improving the electric contact char 
acteristic between the metal substrate and the semicon 
ductor film deposited thereon. 

2. The method according to claim 1, wherein subse 
quently to the exposure of the surface of the metal sub 
strate to hydrogen plasma, the semiconductor film is 
deposited in situ on the treated surface of the metal 
substrate. 

3. The method according to claim 1, wherein the 
metal substrate is made of stainless steel. 

4. The method according to claim 1, wherein the 
metal substrate is formed by coating a glass base with a 
Cr film. 

5. The method according to claim 1, wherein the 
semiconductor film is an amorphous silicon film. 
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